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Pork Council Update -- Don Hoogestraat, President, SDPPC, Chancellor, S.D. 
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Served by 
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Don Hoogestraat, President, SDPPC 
Chancellor, S.D. 
Factors Affecting Amino Acid Requirements -- Dr. Richard Wahlstrom, Animal 
Science Department, SDSU 
Crossbred Boars Can Be Used to Improve Reproductive Efficiency -- Dr. Rodger 
Johnson, Animal Science Department, University of Nebraska-Lincoln 
Swine Waste Removal Alternatives -- Louis Lubinus, Extension Agricultural 
Engineer, SDSU 
Reproductive Efficiency: Key to Profit -- Dr. George Libal, Animal Science 
Department, SDSU 
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EFFECT OF A LACTOBACILLUS CULTURE IN 
DIETS OF GROWING-FINISHING SWINE 
R. c. Wahlstrom And G. W. Libal 
DEPT, OF ANIMAL SCIENCE REPORT 
SWINE 81-1 
Lactobacillus cultures have been used in the preservation of human foods 
for centuries. More recently it has been shown that feeding lactobacillus to 
pigs can influence the bacterial flora of the intestinal tract. A reduction 
in enteritis and also an improvement in weight gain have been reported, 
although the results with lactobacillus cultures as feed supplements have 
been variable. 
The objective of this study was to evaluate a dried viable culture 
mixture of lactobacillus in diets of different protein content for growing-
f inishing swine. 
Experimental Procedure 
Ninety-six pigs averaging approximately 45 pounds were allotted into four 
replications of six treatments. Thus, each of the 24 pens contained four 
pigs, two barrows and two gilts. Pigs were fed ad libitum in a slotted floor 
confinement building. The three diets used contained 16, 15 or 14% protein 
to an average live weight of 100 pounds and 14, 13 and 12% from 100 to approxi-
mately 220 pounds. Composition of the diets is shown in table 1. 
TABLE 1. COMPOSITION OF DIETS (PERCENT) 
Protein level 
Ingredient 16 15 14 13 12 
Ground yellow corn 76.4 79.15 82.0 84.9 87.7 
Soybean meal, 44% 21.3 18.5 15.6 12.7 9.85 
Dicalcium phosphate 1.1 1.15 1. 2 1. 25 1. 3 
Ground limestone . 7 • 7 . 7 .65 .65 
Trace mineralized salt .3 .3 .3 .3 .3 
Premix a .2 .2 .2 . 2 .2 
aTo supply per pound: vitamin A, 1500 IU; vitamin D, 150 IU; vitamin E, 
2.5 IU; vitamin K, 1 mg; riboflavin, 1.25 mg; pantothenic acid, 5 mg; 
niacin, 8 mg; choline, 25 mg; vitamin B12 , 5 mcg and selenium, .04 milligrams. 
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The dried viable culture of lactobacillus (Salac-454) was added at a level of 
.5 pound per ton of feed. The six treatments were: 
Treatment l 16-14% protein diet 
Treatment 2 
Treatment 3 
16-14% protein diet plus Salac-454 
15-13% protein diet 
Treatment 4 
Treatment 5 
15-13% protein diet plus Salac-454 
14-12% protein diet 
Treatment 6 14-12% protein diet plus Salac-454 
Results 
Daily gain, feed consumption and feed efficiency data are presented in 
table 2. There were no significant differences in performance among treat-
ments due to the inclusion of the lactobacillus culture in any of the diets. 
When all pens receiving the additive are combined and compared with those 
that received the diets without the product, the overall average daily gains 
were the same (l.46 pounds per day). Feed/gain was 3.40 for pigs receiving 
lactobacillus and 3.45 for those fed the diets without the additive. These 
results are shown in table 3. 
TABLE 2. EFFECT OF LACTOBACILLUS IN DIETS OF GROWING-FINISHING SWINE a 
Dietary protein levels, % 16-14 15-13 14-12 Lac to bacillus 0 + 0 + 0 + 
Avg initial wt, lb 45.6 45.5 45.4 45.9 45.8 45.6 Avg mid-wt, lb 99.8 100. l 100.8 103.6 102 .6 96.8 Avg final wt, lb 218.3 222.9 220.1 222.0 219.6 215.1 
Avg daily gain,blb 
45-100 lb 1. 37 1.4 7 1. 39 1.41 1.38 1.24 100-220 lbc 1. 56 1.60 1.52 1.45 1.42 1. 49 45-220 lbc 1.50 1. 55 1.47 1.43 1.40 1.40 
Avg daily feed, lb 
45-100 lb 3.75 3.82 3.83 4.07 3.95 3.81 100-220 lb 5.36 5.44 5.94 5.61 5.47 5.45 45-220 lb 4.80 4.88 5.23 5.10 4.97 4.88 
Feed/gain 
lbc 45-100 2.75 2.60 2.76 2.87 2.87 3.08 100-220 lb 3.42 3.41 3.97 3.91 3.88 3.66 45-225 lbc 3.21 3.14 3.59 3.58 3.56 3.48 
:Four lots of four pigs each per treatment. 
Significant protein effect (P<.10). 
cSignificant protein effect (P<.05). 
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TABLE 3. MAIN EFFECTS OF LACTOBACILLUS AND PROTEIN LEVEL 
Lac to bacillus Protein level, % 
Item 0 + 16-14 15-13 14-12 
No. of pigs 48a 48a 32b 32b 32b 
Avg daily gain, lb 
45-100 lb 1.38 1.37 1.42 1.40 1. 31 
100-220 lb 1. 50 1. 51 1.58 1.48 1.45 
45-220 lb 1.46 1.46 1. 52 1. 45 1.40 
Feed/gain 
45-100 lb 2.79 2.85 2.67 2.82 2.98 
100-220 lb 3.76 3.66 3.42 3.94 3.90 
45-220 lb 3.45 3.40 3.17 3.58 3.52 
:Twelve lots of four pigs each. 
Eight lots of four pigs each. 
There were significant differences in daily gains among dietary protein 
levels during all periods. Pigs fed the 16-14% protein sequence gained at 
the fastest rate and those fed the 14-12% protein sequence gained the slowest. 
Feed efficiency also differed (P<.05) among protein levels during the initial 
and overall periods. Feed per gain was 2.67, 2.82 and 2.98 pounds for pigs 
fed 16, 15 and 14% protein diets, respectively, during the initial period and 
3.17, 3.58 and 3.58 pounds for pigs receiving 16-14, 15-13 and 14-12% protein 
diets, respectively, for the overall period. 
Summary 
Ninety-six pigs averaging 45 pounds were used to study the effect of a 
dried viable culture of lactobacillus in diets different in protein content. 
Diets contained 16, 15 or 14% protein to 100 pounds and 14, 13 and 12% from 
100 to 220 pounds. 
Including the lactobacillus product in the diets at .5 pound per ton 
did not affect average daily gain, feed consumption or feed per gain. 
Decreasing dietary protein resulted in a reduction in daily gains and 
increased feed required per unit of gain. Lactobacillus did not have a 
protein sparing effect. 
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EFFECT OF POTASSIUM SUPPLEMENTATION AT TWO 
LEVELS OF LYSINE IN PIG STARTER DIETS 
S. L. Siyoto, G. W. Libal 
D. L. Hagemeier And R. C. Wahlstrom 
DEPT, OF ANIMAL SCIENCE REPORT 
SWINE 81-2 
Lysine is the first limiting amino acid in cereal-based diets for 
growing pigs. Lysine requirements depend on its bioavailability, the crude 
protein and energy level of the diet, the source of protein and its digesti-
bility, the amino acid balance and probably the electrolyte balance of the diet. 
Since most feedstuffs used in swine feeding contain more potassium 
than required by the pig, growing pig diets are not usually supplemented 
with potassium. However, research has indicated that potassium supplemen-
tation in chick diets counteracts growth depression caused by excess lysine. 
Potassium supplementation in low protein and/or low lysine pig diets has 
been found to improve weight gains. 
The objective of this study was to determine whether potassium sup-
plementation to growing pig diets containing slightly inadequate or excess 
lysine would improve performance. The influence of supplemental dietary 
lysine on plasma potassium and plasma lysine concentrations was also determined. 
Experimental Procedure 
Two trials involving 216 crossbred weanling pigs were conducted for this 
study. The pigs averaged about 18 pounds initially when allotted on the basis 
of weight and litter group to six treatments replicated four times. There 
were five pigs per pen in trial 1 and four pigs per pen in trial 2. At the 
completion of the trials, which were conducted for 35 and 32 days, blood 
samples were obtained for analysis of plasma potassium and lysine. The six 
treatments were as follows: 
Treatment 1 • 85% lysine, no added potassium Treatment 2 
.85% lysine, 
.4% added potassium Treatment 3 
.85% lysine, 
.8% added potassium Treatment 4 1.15% lysine, no added potassium Treatment 5 1.15% lysine, 
.4% added potassium Treatment 6 1.15% lysine, 
.8% added potassium 
Tables 1 and 2 show the compositions of the diets used in the study. 
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Ingredients 
Oat groats 
Corn 
Corn gluten meal 
Meat meal 
Fish meal 
Trace mineralized 
Vitamin antibiotic 
L-lysine HCl 
Potassium chloride 
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TABLE 1. COMPOSITION OF DIETS (%) 
TRIAL 1 
Dietary treatments 
1 2 3 4 
40.0 40.0 40.0 40.0 
35.0 34.6 34.2 33.4 
14. 0 14.0 14.0 14.0 
7.0 7.0 7.0 7.0 
3.5 3.5 3.5 3.5 
salt .3 . 3 .3 .3 
mix a .2 .2 .2 .2 
.4 
.8 1. 6 
5 6 
40.0 40.0 
33.8 33.0 
14.0 14.0 
7.0 7.0 
3.5 3.5 
.3 .3 
.2 .2 
.4 .4 
.8 1.6 
aTo supply per pound: vitamin A, 2000 IU; vitamin D, 200 IU; vitamin E, 
4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 8 mg; niacin, 
12.8 mg; choline, 80 mg; vitamin B12 , 8 mcg; selenium, .07 mg; penicillin, 25 mg; chlortetracycline, 50 mg and sulfamethazine, 50 milligrams. 
Ingredients 
Oat groats 
Ground corn 
Meat meal 
Fish meal 
Soybean meal 
Trace mineralized 
Bentonite 
L-lysine HCl 
Potassium chloride 
Vitamin antibiotic 
TABLE 2. COMPOSITION OF DIETS (%) 
TRIAL 2 
Dietary treatments 
1 2 3 4 
50.0 50.0 50.0 50.0 
34.0 33.6 33.2 33.2 
7.0 7.0 7.0 7.0 
3.5 3.5 3.5 3.5 
3.0 3.0 3.0 3.0 
salt .3 .3 .3 . 3 
2.0 2.0 2.0 2.0 
.4 .4 
.8 .8 
mix a .2 .2 .2 .2 
5 6 
50.0 50.0 
32.4 32.0 
7.0 7.0 
3.5 3.5 
3.0 3.0 
.3 . 3 
2.0 2.0 
.4 
1.6 1.6 
.2 .2 
aTo supply per pound: vitamin A, 2000 IU; vitamin D, 200 IU; vitamin 
E, 4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 8 mg; niacin, 
12.8 mg; choline, 80 mg; vitamin B12 , 8 mcg; selenium, .07 mg; penicillin, 25 mg; chlortetracycline, 50 mg ana sulfamethazine, 50 milligrams. 
Results 
Pig performance data and blood plasma analyses for·the two trials were 
combined and are given in table 3. The data obtained in this study indicated 
that there were no significant differences in average daily gain, final 
weights, feed consumption or feed per gain due to potassium supplementation 
in the pig diets. However, pigs receiving the low lysine diet supplemented 
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with either .4 or .8% potassium gained 13% faster (.70 vs .62 lb/day) than 
pigs fed this diet without supplemental potassium. There were significant 
differences in daily gain and feed per gain between pigs fed diets containing 
the two levels of lysine. By chemical analysis, these diets averaged .92 and 
1.30% lysine, slightly higher than the calculated values of .85 and 1.15 
percent. 
TABLE 3. PIG PERFORMANCE AND BLOOD PLASMA ANALYSES 
Dietary treatment 1 2 3 4 5 6 
Dietary lysine, % .85 .85 .85 1.15 1.15 1.15 
Added potassium, % 0 .4 .8 0 .4 .8 
Initial wt, lb 17.87 17.85 17.90 17.85 17.85 17.90 
Final wt, lb 38.26 41.16 41.05 46.44 46.46 45.21 
Average daily gain, lb .62 .70 .70 .86 .86 .84 
Average daily feed, lb 1.32 1.46 1.46 1.50 1.50 1.48 
Feed/gain 2.17 2.17 2.20 1. 76 1. 74 1.82 
Plasma lysine, mg % 4.14 4.09 3. 77 5.31 5.20 5 .11 
Plasma potassium, meq/liter 5.36 5.97 6.23 5.40 5.74 6.12 
The blood plasma data indicated that plasma lysine levels increased 
(P<.01) with increasing levels of lysine in the diet while plasma potassium 
simultaneously decreased (P<.05). Plasma potassium levels increased (P<.01) 
with increasing levels of potassium in the diet. Nonetheless, increases in 
dietary potassium had no effect on plasma lysine. 
It thus appears that potassium supplementation is of little benefit when 
the diet contains slightly inadequate or excess lysine. The response to 
lysine indicates that the lysine requirements for maximum gain in growing 
pigs may be above the NRC (1979) recommendations. It is also possible that 
the diets, which contained a high level of arginine (1.4%), were unbalanced 
and the extra lysine in the high lysine diets partially corrected the im-
balance and improved performance. Blood plasma levels of lysine and potas-
sium were unrelated to pig performance. The variations in plasma levels 
therefore might have been due to the maintenance of cation balance across the 
cell wall. 
Summary 
Two hundred sixteen crossbred weanling pigs were allotted to six 
dietary treatments containing .85% lysine or 1.15% lysine with O, .4 
or .8% added potassium. Results in this study gave nonsignificant dif-
ferences among potassium treatments. However, there were significant 
improvements in average daily gain and feed efficiency when animals received 
the higher lysine diet. 
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~FFECTS OF EXCESS ARGININE ON LYSINE UTILIZATION 
IN WEANED PIGS 
D. L. Hagemeier, G. w. Libal And R. C. Wahlstrom 
DEPT, OF ANIMAL SCIENCE REPORT 
SWINE 81-3 
Much attention has been focused recently on the use of "balanced protein" 
feeds for swine. By using different combinations of protein sources and some 
synthetic amino acids, a more balanced array of essential amino acids can be 
achieved in the feed. This will reduce the amount of excess or "wasted" 
essential amino acids present in the diet, and it may also reduce or eliminate 
any specific antagonisms that might exist between two amino acids. 
One possible antagonism is the relationship between lysine and arginine. 
In a corn-soybean meal starter diet, lysine is the first-limiting amino acid 
while arginine is present at levels approximately five times the amount 
required by the pig. Research at other universities has indicated that very 
high levels of dietary arginine can inhibit the absorption of lysine from the 
small intestine, making less lysine available to the pig for growth. 
This research was conducted to evaluate the effect of excess arginine 
on the growth, feed efficiency, and plasma lysine and arginine levels of 
weanling pigs. 
Experimental Procedure 
A total of 96 4-week-old weanling pigs with an average initial weight of 
18.1 pounds were allotted to four replications of the six treatments shown 
in table 1. There were four pigs per pen for a total of 16 pigs per treatment. 
The pigs were housed in the environmentally controlled swine room in the 
Animal Science Complex during the 4-week study. 
The six treatments were in a 2 x 3 factorial arrangement, with two 
levels of lysine (.90% and 1.15%) and three levels of arginine (.90%, 1.20% 
and 1.15%) used. The lower lysine level was considered to be marginally 
adequate for the size of pigs used in this experiment, while the higher 
lysine level was considered adequate to support maximum growth in those pigs. 
The basal diet was formulated to have a low arginine/lysine ratio, and then 
synthetic arginine and lysine were added to create the six treatments shown 
in table 1. This approach was used so that arginine levels could be varied 
while the source and level of natural protein remained constant across treat-
ments, thus eliminating any confounding effects of changing protein sources. 
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TABLE 1. PERCENT COMPOSITION OF DIETS 
Total arginine, % .90 1.20 1.50 .90 1.20 1.50 
Total lysine, % .90 .90 .90 1.15 1.15 1.15 
Arginine/lysine ratio 1.00 l. 33 1.67 .78 1.04 1.30 
Corn 34.92 34.55 34.18 34.60 34.23 33.86 
Rolled oats groats 48.87 48.87 48.87 48.87 48.87 48.87 
Fish meal 3.50 3.50 3.50 3.50 3.50 3.50 
Dried skim milk 10.00 10.00 10.00 10.00 10.00 10.00 
Dicalcium phosphate 1.03 1.03 1.03 1.03 1.03 1.03 
Limestone .54 .54 .54 .54 .54 .54 
Vitamin antibiotic pre~ix a .44 .44 .44 .44 .44 .44 
Trace mineralized salt .50 .50 .50 .so .50 .50 
L-lysine HCl .20 .20 .20 .52 .52 .52 
L-arginine HCL .37 .74 .37 .74 
aSupplied per pound of diet: vitamin A, 2000 ID; vitamin D, 200 IU; 
vitamin E, 4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 
8 mg; niacin, 12.8 mg; choline, 80 mg; vitamin B , 8 mcg; selenium, 
72 mcg; penicillin, 25 mg; aureomycin, 50 mg; sultamethazine, 50 mg; 
zinc,b40 milligrams . 
. 8% zinc. 
Results 
The results of the experiment are summarized in table 2. The addition 
of arginine to the diets had no effect on average daily gain or average daily 
feed intake except that pigs fed the high lysine/medium arginine diet gained 
TABLE 2. EFFECT OF EXCESS ARGININE ON PIG PERFORMANCE 
AND PLASMA AMINO ACIDS 
Dietary arginine, % .90 1.20 1.50 .90 1.20 
Dietary lysine, % .90 .90 .90 1.15 1.15 
Arginine/lysine ratio 1.00 1.33 1.67 .78 1.04 
Initial pig wt, lb 18. 1 18 .1 18 .1 18.1 18.1 
4-week pig wt, lb 38.0 37.6 36.4 40.4 37.2 
Average daily gain, lba . 71 .70 .65 .80 .67 
Average d~ily feed, lba 1.43 1.41 1.39 1.51 1.30 
Feed/gain 2.01 2.02 2.13 1.89 1.94 
Plasma ly~ige, mg/100 ml 
plasma ' 1.96 1.94 1. 76 4.92 4.59 
Plasma arBi~ine, mg/100 ml I 
plasma ' 3.47 4.10 4.75 3.02 3.92 
:Quadratic effect of arginine at high level of lysine (P<.05). 
Linear effect of arginine at low level of lysine (P<.05). 
~Lysine effect (P<.01). 
Linear effect of arginine at high level of lysine (P<.06). 
eLinear effect of arginine at high level of lysine (P<.01). 
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less weight and ate less feed than those pigs fed the high lysine/low argi-
nine diet or the high lysine/high arginine diet. This result is inconclusive 
and is probably due to the fact that two pigs fed the high lysine/medium 
arginine diet performed poorly and their performance was not representative 
of other pigs fed this diet. 
The pigs fed the low lysine/high arginine diet were significantly less 
efficient than those on the low lysine/low arginine and low lysine/medium 
arginine diet. Although the difference was statistically significant, more 
research is necessary to verify this effect. 
When pigs were fed the high lysine diets, additions of arginine to 
the feed resulted in a linear decrease in blood plasma lysine levels. 
Apparently the medium and high levels of dietary arginine interfered with 
the absorption of lysine from the small intestine into the blood. However, 
there was no corresponding decrease in pig performance, suggesting the pigs 
had enough lysine to support normal growth in spite of their reduced plasma 
lysine levels. 
High dietary arginine did not affect plasma lysine levels in pigs fed 
low lysine diets. Pigs fed the low lysine/high arginine diet had slightly 
lower plasma lysine levels, but the decrease was not significant. 
Pigs tended to gain faster and be more efficient on the high lysine 
diets as compared to the low lysine diets, but the effect was not significant. 
The addition of lysine to the diet increased plasma lysine levels, and argi-
nine additions increased plasma arginine levels. The latter two results are 
to be expected, as more of those amino acids would be absorbed from the small 
intestine into the bloodstream. 
Summary 
A 4-week growth trial was conducted to determine the effect of excess 
arginine on lysine utilization in a group of 96 weaned pigs weighing 18.1 
pounds initially. Lysine levels of .90% and 1.15% and arginine levels of 
.90%, 1.20% and 1.50% were used in a 2 x 3 factorial design. 
Excess arginine had no effect on daily gain or feed intake. Pigs fed 
the low lysine/high arginine diet required more feed per pound of gain, but 
more research is necessary to verify this effect. Excess arginine depressed 
plasma lysine levels of pigs fed 1.15% lysine but not plasma lysine levels 
of pigs fed .90% lysine. Overall, the results of this experiment were incon-
clusive but showed some evidence that excess dietary arginine may interfere 
with lysine utilization in weaned pigs. Further research is being conducted 
in our laboratory to study the relationship between lysine and arginine. 
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EFFECT OF MOVEMENT AND MIXING OF PIGS ON 
PERFORMANCE DURING THE FINISHING PERIOD 
R. C. Wahlstrom And G. W. Libal 
SWINE 
DAY 
DEPT, OF ANIMAL SCIENCE REPORT 
SWINE 81-4 
~url1g the ?ast few years producers have reported that growth rates of 
pigs plateau or even decline during the finishing period rather than increasing 
to weights of 200 or 220 pounds as might be expected. The problem, sometimes 
referred to as "stall out", is often related to enclosed housing but not 
limited exclusively to this method of housing. 
This experiment was one of a series that this station has conducted to 
study this problem. The objectives were to determine the effects of movement 
of pigs and also mixing and moving pigs at weights of about 140 pounds on 
performance to 220 pounds. 
Experimental Procedure 
Ninety-six crossbred pigs were allotted at a weight of approximately 60 
pounds to three management treatments. There were two pens per treatment 
within each of four replications. Pigs were housed four per pen in an 
enclosed confinement building that had totally slatted floors. Pens provided 
7.1 square feet of floor space per pig. The three management treatments 
within each replication imposed at approximately 140 pounds were: 
Treatment 1 Pigs remain in same groups and same pens. Treatment 2 Pigs mixed and moved to different pens. Treatment 3 Pigs moved to different pens but remained in same groups within pens. 
Pigs were fed a 16% corn-soybean meal fortified diet for the entire 
experiment. The composition of the diet is shown in table 1. 
TABLE 1. COMPOSITION OF DIET 
Ingredient Percent 
Ground yellow corn 
Soybean meal, 44% 
Dicalcium phosphate 
Ground limestone 
Trace mineralized salt 
Premix a 
76.4 
21.3 
1.1 
• 7 
.3 
• 2 
a 
To supply per pound: vitamin A, 1500 IU; 
vitamin D, 150 IU; vitamin E, 2.5 IU; vitamin K, 
1 mg; riboflavin, 1.25 mg; pantothenic acid 5 mg; 
niacin, 8 mg; choline, 25 mg; vitamin BJ
2
' 5 mcg; 
selenium, .04 mg and aureomycin, 25 milligrams. 
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Results 
A sununary of the results of pig performance prior to the management 
treatments at 140 pounds, performance from 140 to 220 pounds and total per-
formance from 60 to 220 pounds is presented in table 2. There were no 
significant differences in any period among treatments. Daily gains were 
quite good during both periods in all treatments and there did not appear to 
be a "stall out" problem in this experiment. In previous research, increased 
gains during the finishing period were generally associated with increased 
feed consumption. In the present experiment, feed consumption during the 
finishing period was high in all treatments and followed the consumptive 
trends of the initial feeding period. Actual consumption was 7.14, 6.58 and 
6.96 pounds daily for treatments 1, 2 and 3, respectively, during the 
finishing period. Feed consumption during the finishing period was 147, 146 
and 152% of that consumed in period one for treatments 1, 2 and 3, respec-
tively. This indicates that the management treatments did not stimulate 
additional feed consumption in this experiment. 
TABLE 2. EFFECT OF HOUSING MANAGEMENT ON PIG PERFORMANCEa 
Housing changes at 140 pounds 
No. Mixed 
Item change and moved Moved 
Avg initial wt, lb 62.0 62.3 62.3 
Avg wt at change, lb 142.0 140. 7 139.0 
Avg final wt, lb 220.6 220.3 221. 2 
Avg daily gain, lb 
60-140 lb 1. 73 1. 69 1. 66 
140-220 lb 1.82 1.86 1.81 
60-220 lb 1. 77 1. 77 1. 73 
Avg daily feed, lb 
60-140 lb 4.86 4.52 4.58 
140-220 lb 7.14 6.58 6.96 
60-220 lb 5.93 5.51 5.76 
Feed/gain 
60-140 lb 2.83 2.67 2.78 
140-220 lb 3.92 3.56 3.89 
60-220 lb 3.36 3.12 3.35 
aFour replicates of two pens of four pigs each per treatment. 
Sununary 
This experiment utilized eight pens of four pigs each per treatment to 
study the effects of movement and mixing at about 140 pounds on pig perform-
ance to 220 pounds. Performance was very good in all treatments and there 
was no significant difference among treatments. Moving or mixing and moving 
at 140 pounds did not affect rate of gain, feed consumption or feed efficiency 
during the subsequent period from 140 to 220 pounds. 
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R. c. Wahlstrom And G. W. Libal 
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Previous research at South Dakota State University has shown that pigs 
housed in a completely enclosed confinement building consume less feed and 
gain slower during the finishing period than pigs housed in an open-front 
facility. Boredom or building fatigue caused by prolonged confinement in a 
limited space have been suggested as possible causes of this reduced per-
formance. 
The experiment reported herein was conducted to obtain information on 
the effect of increasing pen space and/or doubling the level of vitamins in 
the diet during the finishing period from approximately 140 pounds to 220 
pounds. 
Experimental Procedure 
Sixty-four crossbred pigs averaging 58 pounds were allotted to four 
replications of four treatments with four pigs per pen. Barrows and gilts 
were equalized among treatments, two replicates consisted of one barrow and 
three gilts per pen and two replicates were composed of two barrows and two 
gilts per pen. The pigs were housed in a completely slotted floor, enclosed 
confinement building. All treatments were the same until pigs averaged 140 
pounds. The four treatments from approximately 140 to 220 pounds were: 
Treatment 1 Regular vitamin level with 7.1 square feet of 
pen space per pig. 
Treatment 2 Regular vitamin level with 14.2 square feet of 
pen space per pig. 
Treatment 3 Double level of vitamins with 7.1 square feet of 
pen space per pig. 
Treatment 4 Double level of vitamins with 14.2 square feet of 
pen space per pig. 
Pigs were fed a 14% corn-soybean meal fortified diet for the complete 
experiment. The composition of the diet and the vitamin supplement are shown 
in table 1. Vitamin concentrations were doubled for treatments 3 and 4 
from 140 to 220 pounds. 
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TABLE 1. COMPOSITION OF DIET 
Ingredient Percent 
Ground yellow corn 
Soybean meal, 44% 
Dicalcium phosphate 
Ground limestone 
Trace mineralized salt 
Premix a 
82.0 
15.6 
1.2 
.7 
.3 
.2 
a To supply per pound: vitamin A, 1500 IU; 
vitamin D, 150 IU; vitamin E, 2.5 IU; vitamin K, 
1 mg; riboflavin, 1.25 mg; pantothenic acid, 5 mg; 
niacin, 8 mg; choline, 25 mg; vitamin BlZ' 5 mcg; 
selenium, .04 mg and aureomycin, 25 mil 1grams. 
Results 
A summary of treatment effects on the performance of pigs during each 
period and for the entire experiment is presented in table 2 and the main 
effects of pen space and vitamin levels during the finishing period are 
shown in table 3. All pigs were treated the same during the first period 
from 58 to 140 pounds and performance did not differ significantly. 
Increasing pen space at 140 pounds appeared to be beneficial. Those pigs 
fed the regular vitamin level and given double the pen space from 140 to 
220 pounds gained faster (P<.05) than either of the groups that remained 
in the regular pens (7.1 square feet per pig). Also, they consumed more 
feed daily (P<.05) than the other three treatment groups. 
Daily gains from 140 to 220 pounds averaged 1.83 and 1.98 pounds for 
pigs having 7.1 or 14.2 square feet of pen space during this period. These 
differences were significant as was the difference in feed consumption. Pigs 
with more pen space consumed more daily feed during the finishing period. 
Performance was good in this trial and "stall-out" did not appear to be a 
problem in any of the treatments. However, there were differences in feed 
consumption and daily gain as had been observed in previous experiments where 
pigs housed in the enclosed confinement facility did not show increased 
gains during the finishing period compared to the growing period. 
Increasing the vitamin level in the feed to approximately two to five 
times the National Research Council recommendations had no effect on daily 
gain, feed consumption or feed efficiency. 
Summary 
Sixty-four crossbred pigs were housed in an enclosed confinement building 
to study the effects of increased pen space and higher vitamin levels in the 
feed during the 140- to 220-pound period. Pigs given access to double pen 
space, 14.2 square feet per pig during this period, gained 8% faster (P<.05) 
and consumed more (P<.05) feed than pigs with 7.1 square feet of space. 
Doubling the vitamin level in the feed had no effect on pig performance during 
this period. 
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TABLE 2. EFFECT OF PEN SPACE AND VITAMIN SUPPLEMENTATION ON 
PIG PERFORMANCEa 
Pen space b Regular Double Regular 
Vitamin levelc Regular Regular Double 
Treatment no. 1 2 3 
Avg initial wt, lb 57.7 58.4 58.6 
Avg wt at change, lb 136.4 140.5 141.4 
Avg final wt, lb 219.1 221.9 219. 7 
Avg daily gain, lb 
58-140 lbd 1.63 1. 72 1. 75 
140-220 lb 1.83 2.07 1.83 
58-220 lb 1. 72 1.88 1. 79 
Avg daily feed, lb 
58-140 lb 4.79 5.15 5.11 
140-220 lbe 6.11 7.64 6.56 
58-220 lb 5.43 6.22 5.79 
Feed/gain 
58-140 lb 3.02 3.07 3.00 
140-220 lb 3.38 3.80 3.61 
58-220 lb 3.20 3.43 3.30 
a pigs each bFour lots of four per treatment. 
Regular pen 7.1 feet pig, double space 14.2 square square per 
pig after 140 pounds. 
CR 1 . . level shown in table 1 footnote, double level egu ar vitamin 
pound~. 
due (P< .05), 2 1 and 3. Difference to pen space vs 
eDifference due to pen space (P<.05), 2 vs 1, 3 and 4. 
TABLE 3. SUMMA.RY OF EFFECTS OF PEN SPACE AND VITAMIN LEVEL 
ON FINISHING PIGS FROM 140 TO 220 POUNDS 
Pen sEace Vitamin 
Item Regular Double Regular 
No. of pigs 32 32 32 
Avg daily gain, lba 1.83 1.98 1.95 
Avg daily feed, lba 6.23 7.20 6.84 
Feed/gain 3.54 3.86 3.71 
aDifference due to pen space (P<.05). 
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4 
58.6 
140. 2 
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Limited research has been performed using sunflower seeds as an 
ingredient in swine diets. Because of the large amount of sunflowers 
produced in South Dakota, it would be beneficial to determine their useful-
ness as a feed ingredient in livestock rations. Work conducted at North 
Dakota has shown levels of over 10% sunflower seeds in diets of growing-
f inishing pigs produced oily carcasses. Previous research at this station 
(SWINE 80-8) has shown the maximum level of ground, whole sunflower seeds 
to be fed to sows during late gestation and early lactation is between 
25 and 50%. 
In order to utilize sunflower seeds in swine diets more efficiently, the 
digestibility of the various nutrient fractions of the seeds must be deter-
mined. This study was performed to determine the coefficients of apparent 
digestibility, digestible energy and nitrogen retention for rations containing 
various levels of ground sunflower seeds. 
Experimental Procedure 
Six barrows averaging 145 pounds were used in a digestion trial utilizing 
two 3 x 3 latin square designs involving three collection periods and diets 
containing 0, 25 and 50% whole ground sunflower seeds. Composition of the 
diets is shown in table 1 and nutrient composition of these diets is presented 
in table 2. Each of the three periods consisted of 5 days for adjustment 
to the diet followed by 5 days of total fecal and urine collection. Pigs 
were weighed at the beginning of the adjustment period and at the end of the 
collection period. Pigs were kept in rectangular digestion crates with 
expanded metal floors. Crates were in an environmentall6 controlled room 
where the temperature was maintained at approximately 70 F. Feed was proyided 
twice daily at a level that was adjusted for the level of consumption at the 
previous feeding. Water was supplied by addition to the feed. Refused feed 
was collected and added back into the feed twice daily. Feces were collected 
twice daily and frozen for later analysis, at which time 5% by weight of the 
feces was dried in a 158° F oven for 48 hr for dry matter determination. 
Proximate analyses were performed on the dried feces. Gross energy of feed 
and feces was determined. Urine was collected and 10% by volume of 
each day's urine output was combined and refrigerated until analyzed for 
nitrogen concentration. Digestible energy, percent nitrogen retention and 
apparent digestibility coefficients of dry matter, crude protein, energy, 
ether extract, nitrogen-free extract, organic matter and crude fiber were 
determined. 
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TABLE 1. INGREDIENT COMPOSITION OF DIETS (%) 
Sunflower seeds, % 
Ingredients 0 25 50 
Ground yellow corn 84.50 65.58 46.51 
Ground sunflower seeds 0 25.0 50.0 
Soybean meal, 44% 11.85 5.85 0 
Dicalcium phosphate 2.27 1.89 1.54 
Ground limestone .75 .87 .97 
Lysine .03 .21 .38 
Trace mineralized salt: .40 .40 .40 
Vitamin-antibiotic mix .2 .2 .2 
a 8% . b. o zinc. 
Supplied per pound of diet: vitamin A, 2000 IU; vitamin D, 
200 IU; vitamin E, 2.5 mg; riboflavin, 1.25 mg; pantothenic acid, 
5 mg; niacin, 8 mg; choline, 25 mg; vitamin B12 , 5 mcg and 
aureomycin, 50 mg (trial l); neomycin, 75 mg; and oxytetracycline, 
75 mg (trials 2 and 3). 
TABLE 2. NUTRIENT COMPOSITION OF DIETS (PERCENT)a 
Sunflower seeds, % 
Source 0 25 
Moisture 10.70 8.90 
Crude protein 12.75 12.64 
Crude fiber 2.29 5.44 
Ether extract 2.80 11.85 
Ash 5.00 5.11 
Nitrogen-free extract 66.44 56.06 
Calcium .83 .87 
Phosphorus .75 .74 
Gross energy b 1777 2010 
a bAverage of three separate samples of all diets. 
As determined by bomb calorimeter (kcal/lb). 
Results 
50 
8.11 
12.67 
7.82 
20.20 
5.30 
46.58 
.87 
• 72 
2178 
The results of this trial are presented in table 3. Data for one pig 
that became ill were omitted from the results. Gross energy values of the 
O, 25 and 50% sunflower seed diets were 1777, 2010 and 2178 kcal per pound, 
respectively, and the apparent digestibilities of the gross energy were 81.6, 
79.1 and 72.7%, respectively. This resulted in digestible energy values 
(gross energy x percent of energy digested) of 1450, 1590 and 1583 kcal/lb 
for the 0, 25 and 50% sunflower seed diets, respectively. Although the 
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TABLE 3. COEFFICIENTS OF APPARENT DIGESTIBILITY, 
PERCENT NITROGEN RETENTION AND DIGESTIBLE 
ENERGY OF THE DIETS 
Item 0 
Dry matter a 82.7 
Crude grotein 77.9 
Energy 81.6 
Ether extractc 20.6 
Nitrogen-free extractc 89.7 
a 84.4 Organic matter 
Crude f ibera 24.1 
Nitrogen retention, % 42.1 
Digestible energy, kcal/lb de 1450 
~Linear and quadratic effect (P<.05). 
Linear effect (P<.01). 
cLinear and quadratic effect (P<.01). 
dJ:inear effect (P<.05). 
eDry basis. 
Sunflower seeds, 
25 
80.3 
78.5 
79.1 
64.9 
89.3 
81.5 
31.5 
43.8 
1590 
% 
50 
73.3 
74.9 
72.7 
68.1 
84.9 
74.2 
15.3 
38.3 
1583 
gross energy of the 50% sunflower seed diet was the highest, the reduced 
apparent digestibility of the gross energy in this diet resulted in a 
digestible energy value approximately the same as the 25% diet. The 50% 
diet did not supply any more usable energy to the pig than the 25% diet. 
A significant increase in apparent digestibility of ether extract 
occurred with increasing sunflower seed content of the diets with a plateau 
at the 25 and 50% levels. Coefficients of digestibility of dry matter, 
nitrogen-free extract, organic matter and crude fiber were all significantly 
affected in a linear manner with the lowest digestibility for each in diets 
containing 50% sunflower seeds. No difference was observed in the apparent 
digestibility of crude protein or in nitrogen retention of the diets. 
Overall, the digestibility of the 25% sunflower seed diets was equal to 
or greater than the control diet. The 50% sunflower seed diet would offer 
less potential as a swine diet due to its lower digestibility of all nutrients 
except ether extract. The use of the 25% sunflower seed diet should be re-
stricted to sow diets due to its high content of unsaturated oil. 
Summary 
Five barrows were used in a total collection dige~tion trial using diets 
of O, 25 and 50% ground, whole sunflower seeds. The results showed the 
digestibility of components of the 25% sunflower seed diet to be equal to or 
greater than those of the control diet and that it provided more energy for 
the pig. Coefficients of digestibility of nutrients in the 50% sunflower 
diets were reduced. 
17 
SWINE 
DAY 
EFFECT OF PEN SPACE ON PERFORMANCE OF 
GROWING-FINISHING PIGS 
G. w. Libal And R. C. Wahlstrom 
DEPT, OF ANIMAL SCIENCE REPORT 
SWINE 81-7 
For a number of years, the recommended space allowance for pigs has been 
4 square feet and 8 square feet for the growing and finishing periods, respec-
tively. Some producers have provided less pen space in an attempt to spread 
high facility costs over more pigs and thus lower per pig overhead costs. 
Some animal welfare spokesmen have expressed the opinion that even the 
recommended pen space allotments are too restrictive for both the pigs' 
performance and welfare. 
The study reported herein was designed to evaluate performance of pigs 
housed in groups of 12, 16 or 20 pigs per pen and providing 4.73 and 9.47, 
3.55 and 7.10 or 2.84 and 5.68 square feet per pig during the growing and 
finishing periods, respectively. 
Experimental Procedure 
Ninety-eight crossbred pigs were allotted to two replications of three 
management treatments on the basis of ancestry and sex. The three management 
treatments during the growing-finishing periods were: 
No. of pigs per pen Pen space per pig (sq 
Treatment 1 -- Growing Groups of 12 4.73 
Finishing Groups of 6 9.47 
Treatment 2 -- Growing Groups of 16 3.55 
Finishing Groups of 8 7 .10 
Treatment 3 -- Growing Groups of 20 2.84 
Finishing Groups of 10 5.68 
The pigs were housed in an environmentally modified building with totally 
slatted floors. Feeders and waterers were provided in numbers adequate for 
the pigs in the pens with the greatest pig density. All pigs were fed a 
14% protein corn-soybean meal fortified diet for the entire experiment. 
Starting weight of the pigs was approximately 66 pounds and the experiment 
was conducted from January until May. 
Results 
ft) 
Average daily gain, average daily feed and feed/gain data are summarized 
in table 1. Significant differences were found for average daily gain in 
growing, finishing and overall periods. In the growing period pigs with the 
greatest pen space gained significantly faster than the other groups. In the 
finishing period pigs with 7.1 sq ft of pen space gained faster (P<.05) than 
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TABLE 1. RESULTS OF MANAGEMENT TREATMENTS 
Growing 
Finishing 
Initial weight, lb 
6-week weight, lb 
Final weight, lb 
Average dail~ gain, lb 
Growing b 
Finishing 
Overall a 
Average dailX feed, lb 
Growing 
Finishing 
Overall 
Feed/gain 
Growing 
Finishing 
Overall 
a bP<.01 due to treatment. 
due to treatment. 
4.73 
9.47 
66.1 
127.2 
219.7 
c 1.47 d 
1.53c 
1. 51 c 
4.99c 
6.02 
5.58 
3.38 
3.92 
3.70 
Pen space (sq 
3.55 
7 .10 
66.4 
120.6 
221.5 
1.31d 
1.56c 
1.46c 
4.36d 
5.64 
5.13 
3.30 
3.58 
3.48 
ft/pig) 
2.84 
5.68 
66.2 
117 .1 
219.4 
d 
1.23d 
1.45d 
1. 37 
4.25d 
5.46 
5.00 
3.52 
3.75 
3.67 
c dP<.05 
'~eans on the same line with different superscripts are different (P<.05). 
pigs with 5.68 sq ft but not faster than the pigs with 9.47 sq ft of pen 
space. Overall, pigs raised in pens which were least crowded gained signifi-
cantly faster than pigs in the most crowded pens, with pigs in the reconunended 
pen space groups gaining intermediate to the other two groups. During the 
growing-finishing period, feed consumption followed the pattern of daily gain 
and differences were significant. However, differences in feed consumption 
between treatment groups were not significant for the finishing or overall 
periods. Feed/gain values were not significantly affected by pig density. 
Numerically, the intermediate space allotment group had the more desirable 
feed/gain ratio. It would appear from these results that the pen space 
presently reconunended (4.0 and 8.0 sq ft/pig) is adequate for growing-
finishing pigs. More crowded conditions produced poorer gains and less 
crowded conditions produced only slight advantages in gain and no advantage 
in efficiency of gain. 
Summary 
Ninety-eight crossbred pigs were allotted to three pen space treatments 
which provided 4.73, 3.55 or 2.84 and 9.47, 7.10 or 5.68 sq ft per pig during 
the growing and finishing periods, respectively. 
Pigs with the most pen space ate more feed and gained significantly 
faster during the growing period while the intermediate pen space group out-
gained the pigs with the least pen space during the finishing period. Overall, 
pigs with more pen space gained significantly faster than pigs with the least 
pen space. No differences in feed consumption or feed efficiency were observed. 
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Crowding more pigs into a nursing pen than is reconnnended is a fairly 
common practice among producers who have limited facilities or high over-
head costs. The effect of this crowding on performance has not been 
determined. The value of antibiotics in the nursing pig's diet has been well 
documented. This study was designed to evaluate the effect of pen space. 
and antibiotics and the possible interaction of the two as related to pig 
performance. 
Procedure 
Two hundred eighty crossbred pigs, approximately 4 weeks of age, were 
allotted to seven replications of four management treatments. They were 
allotted on the basis of weight and ancestry. The four treatments were: 
Treatment 1 
Treatment 2 
Treatment 3 
Treatment 4 
No antibiotics, 2.5 square feet of pen space per pig 
No antibiotics, 1.5 square feet of pen space per pig 
Aureo SP-250, 2.5 square feet of pen space per pig 
Aureo SP-250, 1.5 square feet of pen space per pig 
Differences in square feet of pen space were accomplished by housing 
either 8 or 12 pigs in the same size pen. Adequate feeder and waterer space 
was provided. The pigs were fed an 18% protein corn-soybean meal diet during 
the entire trial. They were housed in an environmentally controlled facility 
on raised floors which were either plastic or vinyl coated expanded metal. 
Temperature was maintained at approximately 80° F at the beginning of the 
trial and lowered to 75° F near the end of the trial. 
Results 
The performance of the pigs is summarized in table 1 and the means for 
the main effects, pen space and antibiotics, are shown in table 2. Average 
daily gain was significantly higher for pigs receiving antibiotics (.50 vs 
.44 lb/day). Gains were the same regardless of pen space provided when 
averaged across antibiotic treatments. Differences in daily feed consump-
tion were not significant. Feed efficiency, however, favored the pigs which 
received antibitoics and also the pigs which were provided more pen space. 
The poorest feed efficiency and gain were obtained from the pigs which had 
the least amount of pen space and received no antibiotic. Feed efficiency 
was the only criteria measured in which a pen space-antibiotic interaction 
occurred. It would appear from these data that pigs from 16 to 30 pounds 
perform adequately in crowded conditions (1.5 sq ft/pig) when Aureo SP-250 
is present in the diet. 
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TABLE 1. PERFORMANCE OF PIGS AS AFFECTED BY PEN SPACE AND 
ANTIBIOTICSa (LEAST SQUARES MEANS) 
Antibiotic b 
Floor space (sq ft/pig) 
Starting weight, lb 
Ending weight, lb 
Average daily gain, lb 
Average daily feed, lb 
Feed/gainc 
~Four-week trial. 
2.5 
16.6 
29.5 
.46 
.90 
1. 96 
1.5 
16.6 
27.2 
.43 
.90 
2.35 
Aureo SP-250 at 250 g/ton. 
cFloor space x antibiotic interaction (P<.01). 
+ 
2.5 
16.6 
31. 2 
.52 
1.03 
1.95 
TABLE 2. SUMMARY OF THE EFFECTS OF ANTIBIOTIC AND FLOOR 
SPACE ON PIG PERFORMANCE (LEAST SQUARES MEANS) 
+ 
1.5 
16.6 
29.9 
.47 
.92 
1.99 
Pen space (sg ft) Antibiotic 
2.5 1. 5 + 
Starting weight, lb 16.6 16. 6' ..... 
'i<A 
16.6 16.6** 
Ending weight, lb 30.4 28.6 28.4 30.6 * 
Average daily gain, lb .49 .45 .44 .50 
Average daily feed, lb .97 
.91** .90 .99** 
Feed/gain 1.96 2.17 2.16 1. 97 
* * Difference between means significant at the .05 level. 
Differences between means significant at the .01 level. 
Summary 
The effect of pen space (2.5 or 1.5 sq ft per pig) and antibiotic (0 
or Aureo SP-250) on weanling pig performance were studied with 280 weanling 
pigs. In the 4-week trial, gains were significantly affected by the presence 
of antibiotic but were not different between pen space groups. Feed e£ficiency 
favored pigs which had received antibiotics and also pigs which were allowed 
greater pen space. The poorest performance was by pigs which received no 
dietary antibiotics and had the least pen space per pig. 
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It has been demonstrated that larger pigs at birth have a greater 
survival rate than do small pigs, particularly in large litters. It is 
assumed that part of the death loss is because smaller pigs are weaker and 
do not compete well in establishing the peck order for position of nursing. 
It would seem logical that lessening the competition due to size differences 
at birth would lead to less death loss before weaning. The experiment 
reported herein was designed to evaluate the effect on pig performance and 
survivability of sorting pigs into groups of similar weight. 
Experimental Procedure 
Three trials were conducted utilizing 91 sow and gilt litters consisting 
of 797 crossbred pigs. The experimental treatments were: 
(1) Unsorted - litters left as farrowed. 
(2) Sorted - three to four litters sorted into weight groups 
based on birth weight and then returned to the sow so that 
only pigs of the same approximate weight were in competition. 
Birth weights were taken when the sow had completed parturition. Pigs 
were always less than 18 hours of age when sorted and placed in uniform 
groups. Litter size was equalized among the sows whose litters were sorted 
on any given day. However, no attempt was made to equalize litter size among 
the sows whose litters were left unsorted. Weights of pigs were obtained at 
10 days of age and at 21 days of age when the pigs were weaned. The pigs 
received creep feed in only the third trial. The three trials were combined 
for statistical analysis. The pigs were arbitrarily divided into six birth 
weight groups to evaluate the effect of the management treatments on survival 
of pigs of different birth weights. 
Results 
The performance of the pigs in the six birth weight groups is shown in 
table 1. This summary disregards the management treatments imposed and 
demonstrates the increase in survival rate with increased birth weight. 
Weights at birth, 10 days and 21 days were significantly different among 
weight classes. The weight advantage of the heavier pigs was maintained 
and increased between birth and 21 days of age. 
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TABLE 1. PERFORMANCE OF PIGS IN SIX BIRTH WEIGHT GROUPINGS 
Pig birth weight grouEs, lb 
<2.2 2.22-2.64 2.65-3.08 3.10-3.63 3.65-4.18 >4.20 
No. of pigs 84 125 170 219 145 54 
Average birth 
weight, lb 1.89 2.46 2.86 3.37 3.87 4.55 
Average 10-day 
weight, lb 4.64 5.63 6.21 7.24 8.18 9.06 
Average 21-day 
weight, lb 9.37 11.00 12.12 12.89 13 .93 15.69 
Percent 
survival 35.7 48.0 56.5 70.8 85.5 97.0 
Table 2 summarizes the effect of the two management treatments on pig 
performance and pig survivability. No differences were observed in pig 
weights due to management techniques imposed. Sorting pigs into weight 
groups and thus decreasing competition due to weight failed to increase pig 
weights significantly. Overall, there was an advantage in percent pig 
survival (61.0 vs 67.8%) due to sorting litters. However, it can be noted 
in the table that the significant advantage in survivability due to 
sorting was obtained for the heavier pigs with relatively little advantage 
with the lighter pigs. It would appear that death loss may be more related 
to size at birth than competition due to weight differences. It is 
difficult to explain why survival rate was significantly increased by 
sorting in the heavier pig groups but not in the lighter pig groups. It 
should be noted that of the pigs that survived in the three lightest weight 
groups heavier weaning weights were observed in the sorted group. 
TABLE 2. EFFECT OF MANAGEMENT TREATMENTS ON PIG PERFORMANCE 
AND PIG SURVIVABILITY 
Treatments 
Unsorted Sorted 
No. of pigs 415 382 
Average birth weight, lb 3.08 3.20 
Average 10-day weight, lb 6.91 7.26 
Average 21-day weight, lb 12.56 13.09 
Pig surviv~l percentage 
Overall 253/415 61.0 259/382 67.8 
By weight groups, lb 
<2.2 15/46 = 32.6 15/38 39.5 
2.22-2.64 32/72 = 44.4 28/53 52.8 
2.66-3.08 54/92 58.7 42/78 = 53.8 
3.10-3.63* 85/117 72.6 70/102 68.6 
3.65-~.18 53/69 76.8 71/76 = 93.4 
>4.20 14/19 73.7 33/35 94.0 
* Significant effect of sorting into uniform weight groups at the .OS level. 
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Summary 
Three trials were conducted utilizing 797 pigs from 91 sow and gilt 
litters to evaluate the practice of sorting pigs into uniform weight groups 
at birth compared to leaving the litters unsorted during the nursing period. 
No significant differences were found in 10-day or 21-day weights based upon 
these management practices. However, survivability of pigs was increased 
by sorting into unifo:tm weight groups, with most of the increase in survival 
rate found in the heavier pigs. Survival rate increased with increased weight 
of the pigs regardless of management technique imposed. 
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During recent years many swine producers have adopted the practice of 
weaning pigs between 21 and 28 days of age. This allows for a shorter interval 
between farrowings, resulting in more litters per sow per year. Most research 
has indicated early weaned pigs perform better when fed complex diets contain-
ing some milk product, sugar, fat, oats or other ingredients compared to 
simple corn-soybean meal fortified diets. However, the economics of cost of 
feed per unit of gain has often favored the simple diets. 
The objective of this experiment was to evaluate pig starter diets 
equalized in lysine content but varying in protein content and source of 
ingredients when fed to pigs of approximately 28 days of age. 
Experimental Procedure 
Ninety-six crossbred pigs were weaned at approximately 4 weeks of age 
and allotted to outcome groups on the basis of weight and litter. These 
groups were randomly assigned to six treatments, each replicated four times. 
The pigs were housed, 4 pigs per pen, in the swine laboratory room in the 
Animal Science Complex. The experiment was conducted for 4 weeks. The 
dietary treatments were as follows: 
1. Corn-soy diet, 16.5% C.P. 
2. Corn-soy diet, 20.6% C.P. 
3. Corn-soy-whey diet, 14.4% C.P. 
4. Corn-oat groats-soy diet, 17.7% C.P. 
5. Corn-oat groats-meat meal-fish meal-whey diet, 16.3% C.P. 
6. Corn-oat groats-meat meal-fish meal diet, 18.2% C.P. 
Diet 2 was a corn-soybean meal diet formulated to contain 1.15% lysine. 
All other diets contained supplemental L-lysine monohydrochloride to bring 
the lysine levels to 1.15 percent. In addition to corn and soybean meal, 
diets 3 and 5 contained whey, and diets 4, 5 and 6 contained meat meal and fish 
meal. The composition of the diets is shown in table 1 along with the 
calculated values for protein, calcium, phosphorus and several amino acids. 
Results 
A summary of the performance data is presented in ~able 2. Pigs fed 
diet 1, the 16.5% protein, corn-soybean meal diet supplemented with lysine, 
gained .96 lb per day, which was greater than gains of pigs in all other 
treatments that averaged from .78 to .84 lb per day. The average daily 
gain of pigs fed diet 1 was significantly faster than that of pigs fed diets 
4 and 6 and approached significance when compared with diets 2, 3 and 5. The 
faster gains of pigs fed diet 1 were associated with increased daily feed 
consumption. There was no difference in feed efficiency among treatments. 
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TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS AND CALCULATED 
ANALYSIS OF CERTAIN NUTRIENTS (%) 
Diet number 
Ingredients 1 2 3 4 5 6 
Corn 71. 7 60.4 68.47 28.3 51.6 33.6 
Oat groats 50.0 20.0 50.0 
Meat meal 5.0 7.0 
Fish meal 2.5 3.5 
Soybean meal 22.7 34.5 16.0 16.2 7.5 3.0 
Whey 10.0 10.0 
Dicalcium phosphate 2.0 1.8 1.9 1. 7 .4 
Limestone . 7 .8 .6 .9 . 1 
Trace mineralized salt .3 .3 .3 .3 .3 .3 
Bentonite 2.0 2.0 2.0 2.0 2.0 2.0 
L-lysine HCl .4 .53 .4 .4 .4 
Vitamin-antibiotic a .2 .2 .2 .2 .2 .2 
Calculated analysis: 
Crude protein 16.5 20.6 14.4 17.7 16.3 18.2 
Calcium .80 .80 .80 .80 .80 .80 
Phosphorus • 71 • 71 .71 .71 .71 .71 
Lysine 1.15 1.15 1.15 1.16 1.15 1. 16 
Tryptophan .18 .24 .15 .205 .162 .175 
Arginine 1.13 1.44 .91 1.19 1.02 1.16 
Threonine .71 .86 .66 .66 .68 .65 
Isoleucine .85 1.07 .75 .76 • 72 .67 
Meth-Cystine .62 .73 .55 .55 .57 .57 
Leucine 1.62 1.89 1.46 1.40 1.45 1.38 
aSupplied per pound of diet: vitamin A, 2000 IU; vitamin D, 200 IU; 
vitamin E, 4 IU; vitamin K, 1.6 mg; riboflavin, 2 mg; pantothenic acid, 8 mg; 
nia~i~, ~2. 8 mg;. choline, 80 mg; :7itamin B12 , 8 mcg; selenium, .07 mg; pen1c1ll1n, 25 mg; chlortetracycl1ne, 50 mg and sulfamethazine, 50 milligrams. 
TABLE 2. COMPLEX AND SIMPLE DIETS FOR YOUNG PIGS 
Diet number 
1 2 3 4 5 6 
Avg initial wt, lba 17.9 17.8 17.8 17.8 17.9 17.8 
Avg final wt, lb 
lbb 
44.5 40.3 40.7 39.8 41.3 39.6 
Avg daily gain, .96 .80 .81 .79 .84 .78 
Avg daily feed, lb 1.59 1.34 1.46 1.29 1.39 1. 38 
Feed/gain 1. 68 1. 67 1.80 1.60 1.67 1. 77 
a bFour lots of four pigs each per treatment. 
Diet 1 different from diets 4 and 6 (P<.05). 
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In this trial there was no difference in the performance of pigs fed 
14.4 or 20.6% protein diets that were equal in lysine content and contained 
levels of other essential amino acids above recommended requirements. Diet 
3 was a 14.4% protein corn-soybean meal-whey diet supplemented with lysine 
and diet 2, was a 20.6% protein, corn-soybean meal diet with an equal lysine 
content. More complex diets, diets 4, 5 and 6, that contained oat groats, 
meat meal, fish meal and whey to replace part of the corn and soybean meal 
did not improve performance of pigs compared to those fed the simple corn-
soybean meal diets containing the same level of lysine. Arginine to lysine 
ratios varied from 0.8:1 in diet 2 to 1.26:1 in diet 3 and did not appear to 
affect performance. It has also been suggested that isoleucine to leucine 
ratio is important in swine diets. However, the ratios of these amino acids 
in the diets used in this experiment were not greatly different. Ratios 
were 1:1.91; 1:1.77; 1:1.95; 1:1.84; 1:2.01 and 1:2.06 for diets 1 to 6, 
respectively. 
Summary 
Ninety-six, 4-week-old weaned pigs were fed either simple corn-soybean 
meal fortified diets or more complex diets containing oat groats, whey, fish 
meal and meat meal in addition to corn and soybean meal. All diets were 
equalized in lysine content at a level of 1.15 percent. 
There were no advantages in pig performance of feeding the complex 
diets. Pigs gained fastest when fed the 16.5% protein corn-soybean meal 
fortified diet supplemented with lysine. This gain was significantly greater 
than that of pigs fed diets 4 and 6 and the difference in gains between pigs 
fed diet 1 and diets 2, 3 and 5 approached significance. 
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Potassium is one of the mineral nutrients that has been considered to be 
present in adequate amounts in swine diets formulated with commonly used feed 
ingredients. However, nutrient contents of feed ingredients have been shown 
to change with intensive cropping practices and also with different feed 
processing procudures. Recent research has indicated that potassium may 
improve the utilization of lysine, particularly in diets containing lysine 
below recommended levels. 
This study was conducted to evaluate the performance of growing-finishing 
pigs fed different levels of supplemental dietary potassium and to evaluate 
the effect of previous dietary lysine treatment on subsequent performance. 
Experimental Procedure 
Seventy-two weanling pigs from a group of 96 pigs that had received diets 
of 0, .4 and .8% supplemental potassium from potassium chloride during a pre-
vious 4-week experiment were reallotted to their same potassium treatments. 
There were six pens of four pigs each per treatment. Half of the pigs in each 
potassium group had received diets containing 1.15% lysine and the other half 
diets of .85% lysine for a 4-week period prior to this experiment. 
The pigs were housed in an enclosed, slotted floor building. Average 
initial weight was approximately 53 pounds. Pigs were fed diets containing 
.78% lysine to an average weight of about 110 pounds and diets of .63% lysine 
from 110 to 220 pounds. Composition of the diets is shown in table 1 for 
each of the three treatments that were as follows: 
1. Basal diet 
2. Basal diet plus .4% added potassium 
3. Basal diet plus .8% added potassium 
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TABLE 1. COMPOSITION OF DIETS (%) 
To approximately 110 lb 110-220 lb 
Treatment 1 2 3 1 2 3 
Corn 83.5 82.7 81.9 87.5 86.7 85.9 
Meat meal 8 8 8 5.5 5.5 5.5 
Fish meal 3 3 3 3.0 3.0 3.0 
Soybean meal, 44% 5 5 5 3.5 3.5 3.5 
Trace mineralized salt .25 .25 .25 .25 .25 .25 
Potassium chloride .8 1.6 .8 1. 6 
Vitamin-antibiotic mix a .25 .25 .25 .25 .25 .25 
aSupplied per pound of diet: vitamin A, 1500 IU; vitamin D, 150 IU; 
vitamin E, 3 IU; vitamin K, 1.2 mg; riboflavin, 1.5 mg; pantothenic acid, 
6.0 mg; niacin, 9.6 mg; choline, 30 mg; vitamin B12 , 6 mcg; selenium, 54 mcg 
and aureomycin, 25 milligrams. 
Results 
Average daily gain and feed/gain data by periods and for the entire trial 
are presented in table 2. There were no significant differences in performance 
among the three treatments. Average daily gain of pigs fed diets with .4% 
supplemental potassium was numerically better than gains of pigs in the other 
treatments during the first growth period. Gain was 1.31 pound/day from this 
treatment compared to 1.21 and 1.18 pounds/day for pigs fed 0 or .8% supple-
mental potassium. However, this advantage was not maintained during the 
finishing period and overall daily gains were similar at 1.48, 1.49 and 1.43 
pounds for pigs fed 0, .4 or .8% potassium, respectively. These data indicate 
that there is no benefit of supplemental potassium from potassium chloride in 
diets for growing-finishing swine. 
TABLE 2. PERFORMANCE OF PIGS FED SUPPLEMENTAL POTASSIUMa 
Supplemental potassium, % 
Item 0 .4 .8 
Avg initial wt, lb 53.4 52.7 52.6 
Avg mid-wt, lb 111.1 116 .5 109.7 
Avg final wt, lb 220.0 218.8 221 .. 0 
Avg daily gain, lb 
53-110 lb 1. 21 1. 31 1.18 
110-220 lb 1.69 1.64 1.60 
53-220 lb 1.48 1.49 1.43 
Feed/gain 
53-110 lb 3.08 3.09 3.17 
110-220 lb 3.43 3.40 3.88 
53-220 lb 3.33 3.34 3.64 
aSix replicates of four pigs each per treatment. 
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The average daily gain of pigs by previous dietary lysine levels are 
shown in table 3. It appeared that pigs fed starter diets low in lysine 
(.85%) showed some compensatory performance during the finishing period 
when their daily gains averaged 1.72 pounds and pigs that had been fed starter 
diets of 1.15% lysine gained 1.59 pounds daily during the finishing period. 
However, those differences in gain were not significantly different. 
TABLE 3. AVERAGE DAILY GAIN RELATED TO LYSINE IN PREVIOUS DIET 
Avg daily gain 
53-110 lb 
110-220 lb 
53-220 lb 
Lysine in previous diet, % 
.85 1.15 
1.23 
1.72 
1.51 
Summary 
1.24 
1.59 
1.44 
Seventy-two pigs having initi~l weights of approximately 53 pounds and 
previously fed diets differing in potassium and lysine content were reallotted 
so that they received the same dietary potassium level as fed previously. 
Potassium chloride was added to the basal diets to give treatments of 0, .4 
and .8% supplemental potassium. 
Supplemental potassium at these levels did not affect average daily gain 
or feed/gain during either the growing, finishing or overall periods. 
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CROSSBRED BOARS CAN BE USED TO IMPROVE 
REPRODUCTIVE EFFICIENCY 
Rodger K. Johnson 
University of Nebraska - Lincoln 
Lack of sexual aggressiveness and infertility in boars are problems that 
have been experienced to some degree by nearly every swine producer. The 
impact of these problems on the efficiency of swine production depends on 
their frequency; but even relatively few boar reproductive problems can upset 
the production schedule of units that are farrowing continuously. 
Recent research provides convincing evidence that at 7 to 9 months of 
age crossbred boars are more aggressive breeders than purebreds and that 
conception rates are higher for females mated to crossbred boars. The purpose 
of this report is to examine the research that compares purebred and crossbred 
boars and to briefly evaluate the economic impact crossbred boars can have 
on the efficiency of production. 
Purebred vs crossbred boars: 
Reproductive efficiency. At the Oklahoma Agricultural Experiment Station, 
we evaluated 195 purebred and crossbred boars of Duroc and Hampshire breeding 
for reproductive performance. At about 7.5 months of age, 116 boars were 
castrated to evaluate testicular size and sperm reserves. Seventy-nine boars 
(aged 7.5 to 9 months) were each hand mated to two Yorkshire gilts. The 
experiment was conducted during four seasons and in three of the seasons 
detailed records were kept on the boar's mating behavior. 
The boars were randomly selected to be exposed to gilts in estrus. If 
a boar failed to mate, he was removed from the breeding pen and a different 
boar was brought into the pen. This boar was given another chance on another 
day. When a boar mated, he was given a repeat breeding with the same gilt 
the next day. The interval from when the boar entered the pen until he 
mounted the gilt was recorded for each boar. Within a season, all boars 
were given at least one opportunity to mate before any boar was exposed to a 
second gilt. Thirty days after breeding the gilts were slaughtered and 
reproductive tracts were evaluated for ovulation rate and number of embryos. 
The mating behavior of crossbred and purebred boars was significantly 
different (table 1). Twenty-eight of 36 crossbreds mated every time they 
were exposed to an estrus gilt and eight crossbreds had just one failure. 
In contrast, only 11 of 36 purebred boars mated each time they were exposed 
to a gilt and several had two or more failures. 
There was considerable variation among boars in the time required to 
mate an estrus gilt, but there was little difference between purebreds and 
crossbreds. All breed groups mounted faster and maintained the mount longer 
on the second day than on the first day that a gilt was in estrus. 
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TABLE 1. MATING BEHAVIOR FOR BOARS WHEN EXPOSED TO AN ESTRUS GILT 
No. of boars that 
Total 
Breed no. Mated each Had one Had two Had three or more 
a boars time exposed failure failures failures group 
DxD 18 3 7 5 3 
DxH 18 16 2 0 0 
HxD 18 12 6 0 0 
HxH 18 8 3 4 3 
a D = Duroc, H =Hampshire; breed of sire listed first. Wilson et al., 
1977 (J. Anim. Sci 44:939). 
The conception rate for gilts mated to purebred and crossbred boars was 
not significantly different. However, gilts mated to crossbred boars had a 
7.9% higher conception rate than gilts mated to purebred boars (table 2). 
This was due primarily to the 14.6% lower conception rate for gilts mated to 
Hampshire boars than for gilts mated to Duroc boars. 
TABLE 2. CONCEPTION RATE FOR GILTS MATED TO BOARS OF EACH BREED GROUP 
Breed No. of No. of gilts Percent No. of boars failing 
a boars Exposed Pregnant impregnate a gilt group pregnant to 
DxD 20 38 24 63.2 3 
DxH 20 40 27 67.5 3 
HxD 20 40 24 60.0 2 
HxH 19 35 17 48.6 8 
aD = Duroc, H =Hampshire; breed of sire listed first. Wilson et al., 
1977 (J. Anim. Sci. 44:939). 
Litters by crossbred boars contained .6 more embryos than litters by 
purebred boars. This was not a significant difference and because of the 
variation in litter size could easily be attributed to chance. Eleven of 
39 purebred boars and 5 of 40 crossbred boars failed to impregnate a gilt 
(table 2). When this was considered, the number of embryos per gilt exposed 
was 1.11 more for gilts mated to crossbred boars than for gilts mated to 
purebred boars. 
At 7.5 months of age, the testes of crossbred boars were 16% heavier and 
contained 25% more sperm than did the testes of purebred boars. This would 
indicate that the crossbred boars were more sexually mature and perphaps 
explains the observed differences in aggressiveness and fertility. 
From the results of this trial it was clear that further evaluations of 
purebred and crossbred boars were warranted. Purebred and crossbred boars of 
Duroc, Yorkshire, Landrace and Spot breeding were mated to F1 gilts and sows 
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of the same breeds to produce three-breed and four-breed cross litters. Hand 
mating was used and all boars and gilts averaged 8 months of age at the begin-
ning of the 8-week breeding season. Within breed groups, gilts were randomly 
assigned to boars and, if they returned to estrus at a later date, were 
remated to the same boar. Matings were made on the day a gilt was detected 
in estrus and, if the gilt would stand, again the next day. 
Conception rate and the number of services per conception for gilts 
mated to purebred and crossbred boars are presented in table 3. All crossbred 
boar groups had higher conception rates and fewer services per conception 
than each purebred group. Purebred boars were mated to more gilts than 
crossbreds. Purebreds were each mated to about eight gilts during the 8-week 
breeding period. It is not felt that the difference in number of matings 
is enough to affect the conception rate of fertile boars. More likely, 
crossbred boars were more sexually mature because they had 19% heavier testes 
and 38% more sperm than did purebred boars. 
Overall, the conception rate to the first estrus in the breeding season 
was 10.3% higher for gilts mated to crossbred boars than for gilts mated to 
purebred boars. This agrees quite well with the difference of 8% observed in 
the first experiment. The conception rate to all services during the 8-week 
breeding season was 96.9% for crossbred boars and 92.1% for gilts mated to 
purebred boars. Also, there was a difference of .21 services per conception. 
Breeding 
of 
boar 
Duroc (D) 
Yorkshire (Y) 
Landrace (L) 
Spot (S) 
DxY 
DxL 
DxS 
YxL 
YxS 
SxL 
Purebreds 
Crossbreds 
TABLE 3. CONCEPTION RATE AND NUMBER OF SERVICES 
PER CONCEPTION FOR PUREBRED AND CROSSBRED BOARS 
No. of 
boars 
16 
15 
15 
14 
15 
15 
15 
14 
15 
15 
60 
89 
No. of 
females 
exposed 
113 
115 
111 
113 
51 
48 
51 
55 
57 
47 
452 
311 
Percent conceived 
a b 
77 .o 
69.6 
71.9 
78.2 
89.8 
87.1 
79.0 
82.2 
84.3 
88.3 
74.2 
84.5 
92.0 
91. 7 
93.6 
91.3 
98.0 
98.3 
98.0 
98.2 
96.1 
96.3 
92.1 
96. 9 
No. of services 
per conception 
1.36 
1.50 
1.43 
1.38 
1.10 
1.18 
1.28 
1.21 
1.25 
1.22 
1.42 
1. 21 
:conception rate to first estrus expressed during the breeding season. 
Conception rate during the 8-week breeding season. 
33 
- 4 -
Litter size and growth traits. There was essentially no difference 
between females mated to purebred and crossbred boars for litter size, pig 
weights, postweaning growth or probe backfat thickness (table 4). This means 
that the progeny of crossbred boars are expected to perform at a level equal 
to the average of the breeds involved in the cross. This, of course, is true 
only if the parents of the purebred and crossbred boars are of equal genetic 
merit. 
Breeding 
of 
sire 
Purebreds 
Crossbreds 
TABLE 4. LITTER SIZE, PIG WEIGHTS, POSTWEANING GROWTH AND 
PROBE BACKFAT FOR PROGENY OF PUREBRED AND CROSSBRED BOARS 
No of Litter size Pig weight~ kg Avg daily Probe 
litters Birth 21 days Birth 21 days gain, kg/day backfat, 
298 10.1 7.9 1.39 5.22 .69 2.70 
194 10.3 7.9 1.36 5.16 .70 2.71 
Variation in progeny performance: 
cm 
Theoretically, progeny of crossbred boars are expected to be more variable 
than progeny of purebred boars. And we do see more variation for color, ear 
shape and perhaps even body shape. However, several experiments have found 
little difference in variability for performance traits and, in some cases, 
progeny of crossbred boars have been less variable. 
Many breeds breed true for color and ear shape because selection has 
made them nearly homozygous for genes influencing these characteristics. 
These traits are influenced by few pairs of genes. On the other hand, per-
formance traits are influenced by several gene pairs and considerable 
variation exists in each breed. Therefore, progeny of both purebred and 
crossbred boars are quite variable for these traits. 
Economic considerations. These data indicate that at 7 to 9 months 
of age more crossbred boars than purebred boars are breeders and that crossbred 
boars can be expected to increase conception rates by about 10%. To determine 
the economic impact of this difference in conception rate, Dr. Bill Ahlschwede, 
University of Nebraska Extension Swine Specialist, used estimates of breed 
differences and heterosis and existing economic conditions to simulate the 
production of 100 litters from several crossbreeding systems. The budgetary 
considerations are presented in table 5. A fixed cost of $300 per litter of 
7.5 pigs weaned was assumed. This was adjusted at the rate of $5.00 per 
pig deviation from 7.5. The base conception rate was 80% and expenses were 
adjusted at the rate of $28 per open sow. This is equivalent to $.50 per day 
for a 56-day period. Feed costs were assumed to be $.07 per pound and pigs 
were assumed to be selling for $45 per cwt. Research estimates of breed 
differences were used to calculate feed and growth costs. 
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TABLE 5. BUDGET CONSIDERATIONS 
Item Cost 
1. Per litter of 7.5 pigs at 40 pounds 
Adjustment per pig deviation 
Base of 80% conception rate 
Adjustment per open sow 
2. Nonfeed costs during finishing: base of 
180 days to 220 pounds 
Adjustment per day deviation 
$300.00 
5.00 
28.00 
14.00 
.05 
Based on these budgetary considerations and estimates of the performance 
for the Duroc, Hampshire, Yorkshire and Landrace breeds (Johnson, 1980; NC 
Reg. Publ. No . 262), the performance and economic differences for three 
mating systems are shown in table 6. The three systems involve an F1 Landrace-Yorkshire sow mated to Hampshire, Duroc or an F1 Duroc-Hampshire boar. The important comparison is that of the crossbred boar to the average of the 
purebred boars since the only difference between them is in conception rate. 
The difference is $565, or an average of $5.65 per litter, in favor of 
crossbred boars. 
TABLE 6. EXPECTED PERFORMANCE FROM 100 LITTERS FOR TERMINAL 
CROSSBREEDING SYSTEMS OF F YORKSHIRE-LANDRACE FEMALES 
WHEN MATED TO DUROC, HAMPSHI~E OR F1 DUROC-HAMPSHIRE BOARS 
Boar Breed 
Item Hampshire Duroc 
Conception rate 74 74 
No. weaned 9.55 9 . 55 
Days to 220 lb 168 163 
Backfat at 220 lb, inches 1.13 1.23 
Feed efficiency 3.32 3.33 
DxH 
87 
9.55 
166 
1.18 
3.33 
Net income $10,494 $10,561 $11,092 
Summary 
Experimental results indicate that conception rates will be about 10% 
higher for crossbred boars than for purebred boars and that fewer crossbred 
boars are problem breeders than purebred boars. No differences are expected 
between progeny of purebred and crossbred boars for litter size, pig weights, 
growth or carcass merit. Economic considerations indicate that the male 
heterosis for conception rate will result in an increase in profit of about 
$5.50 per litter produced. 
35 
